Abstract The influence of the end groups of two liquid rubbers on curing kinetics, morphology, and hardness behavior of diglycidyl ether of bisphenol-A based epoxy resin (DGEBA) has been studied. The rubbers are silyl-dihydroxy terminated (PDMS-co-DPS-OH) and silyl-diglycidyl ether terminated (PDMS-DGE). Crosslinking reactions, investigated by shear rheometry, ranged 90-110°C, using a constant concentration (5 phr) of liquid rubbers and 1,2-Diamino cyclohexane (1,2-DCH) as hardener agent. The gel time, t gel , of the neat epoxy significantly decreased when adding the elastomers, more so for the silyl-dihydroxy terminated elastomer; at 110°C the reaction was nearly complete before rheological test started. The results suggest that the elastomers induced a catalytic effect on the curing reaction. Scanning electron microscopy revealed phase separation of the elastomer during the curing reaction with rubber domains about 5 lm size. However, the DGEBA/ dihydroxy terminated elastomer composite cured at 110°C exhibited a homogenous morphology, that is, the rapid reaction time would not allow for phase separation. Water contact angle tests evidenced either more hydrophilic (silyl-diglycidyl ether terminated rubber) or more hydrophobic (silyl-dihydroxy terminated rubber) behavior than the neat epoxy. The latter effect is attributed to the presence of aromatic rings in the backbone structure of PDMS-co-DPS-OH. Microindentation measurements show that the elastomers significantly reduced the hardness of the Bull. (2014) 71:1241-1262 DOI 10.1007/s00289-014-1121 epoxy resin, the DGEBA/ether terminated composite exhibiting the lowest hardness values. Moreover, hardness increased as reaction temperature did, correlating with a reduction of microdomains size thus enabling the tuning of mechanical properties with reaction temperature.
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There are two main methods for the rheological study of cross-linking processes in polymers [3] . In one approach, the polymer in its liquid state is subjected to shear flow. The measured viscosity increases with increasing extent of reaction until the stress reaches the limit of the instrument or until the material breaks. For characterization beyond the gel point the material is subjected to strain and the steady-state modulus is measured during its growth with increasing extent of reaction. Measurements in either the liquid state or the solid state give reliable data away from the gel point. However, the transition itself is only accessible by extrapolation and this introduces some uncertainty in the determination of the gel point time.
The second method uses small-amplitude oscillatory experiments to obtain the components of the complex modulus (G 0 , G 00 ) during the cross-linking process. The viscous behavior of the oligomeric material dominates the initial part of the experiment, i.e., the viscoelastic behavior of the material is dominated by the loss modulus (G 00 [ G 0 ). As the cross-linking reaction proceeds, the molecular weight increases, the loss modulus increases and, as more energy is stored than dissipated, the storage modulus rises sharply until it intersects and then exceeds the loss modulus. The point of intersection occurs at the time t gel , at which G 0 = G 00 , which is in the vicinity of the gel point of the reaction. Afterwards, the storage modulus keeps increasing with increasing crosslink density while the loss modulus changes very little during the reaction. Both moduli level off as the reaction comes to completion [1, [4] [5] [6] .
Epoxy polymers are mainly used to form rigid structural materials. The epoxy prepolymer reacts further with a wide variety of primary or secondary amines to form a rigid polymer network [7, 8] . The conversion of an epoxy polymer to an interconnected network structure is formally similar to the vulcanization of rubber, but the process is termed curing in the epoxy system [9] [10] [11] .
The addition of rubbers to epoxy resins has been shown to not only alter the final morphology and properties but also the curing kinetics [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . Poly(dimethylsiloxane) (PDMS) has been effectively used to improve the thermomechanical properties and toughness of epoxy resins [12] [13] [14] [15] [16] [17] [18] . Because phase separation of the elastomer currently takes place during curing [19] [20] [21] [22] [23] , the resultant heterogeneous morphology obtained after the reaction controls to an important extent the properties of the final product. It has been shown that the rubber particle size in rubbermodified epoxy resins using a rubber butadiene acrylonitrile copolymer with carboxyl or hydroxyl end-groups influences the toughness of the composite [20] . Significantly higher impact strength was found in the composite using the hydroxylterminated rubber with 10-50 lm particle size with respect to that including the carboxyl-terminated rubber displaying a particle size of 2-4 lm [20] . The latter material has been found to exhibit an average particle size ranging from 5 to 10 lm for rubber concentrations below 20 phr [21] . It has also been shown that, irrespective of the rubber end-group, the curing kinetics slows down due to dilution and viscosity effects, as determined from gelation time measurements [22, 23] . However, in blends of diglycidyl ether of bisphenol-A and (DGEBA/DGEBF), the butadiene-acrylonitrile rubber induced a catalytic effect on the polymerization of the epoxy resin, thus inducing a higher rate of gel formation and higher cure rate [24] .
This research focused on the curing behavior of an epoxy amine system modified with two different liquid elastomers through shear rheometry. The elastomers were chosen based on either chemical or physical compatibility with the epoxy amine system to hinder phase separation or alternatively reduce the size of the microdomains. One of the modified epoxy resins includes a PDMS diglycidyl ether terminated elastomer while the other one incorporates a poly(dimethylsiloxane-co-diphenylsiloxane) dihydroxy terminated elastomer. The aim of the work was to enhance the processing behavior and the mechanical properties of the matrix through the incorporation of tailored elastomers to obtain tougher composites for more demanding applications.
Experimental

Materials
The epoxy resin used was diglycidyl ether of bisphenol-A (DGEBA), with equivalent weight of epoxy group equal to 172-176 Eq. g -1 . 1,2-Diaminocyclohexane (1,2-DCH) was used as hardener. The two liquid rubbers employed were (i) poly(dimethylsiloxane) diglycidyl ether terminated (PDMS-DGE), a lowmolecular-mass elastomer (typical M n = 980 g mol -1 ) that contains reactive functional groups towards diamine with equivalent weight 490 Eq. g -1 and (ii) poly(dimethylsiloxane-co-diphenylsiloxane) dihydroxy terminated (PDMS-co-DPS-OH) with 95:5 mol ratio of dimethylsiloxane:diphenylsiloxane. All the chemicals were supplied by Aldrich Chemical Co (St Louis, MO, USA) and were used as received without purification. Figure 1 shows the structures of the materials used in the study, and Table 1 summarizes their properties.
Sample preparation
The neat epoxy material was prepared dissolving diglycidyl ether of bisphenol-A based epoxy resin DGEBA with 1,2-DCH, which was added drop by drop to reach a stoichiometric ratio of 2:1. The mixture was vigorously agitated using a mechanical stirrer until obtaining a homogenous mixture. The blends with PDMS-DGE or PDMS-co-DPS-OH were prepared as follows: DGEBA was heated up to 40°C and 1,2-DCH was added in a stoichiometric ratio of 2:1. Thereafter, different weighted amounts of PDMS-DGE or PDMS-co-DPS-OH were added as needed to attain 5 phr of elastomer in the respective mixture. The mixture was stirred again at 40°C until a homogeneous mixture was obtained; immediately, the prepared blends were quickly introduced in the rheometer.
Shear rheometry
The curing kinetics and the gel point were studied by shear rheometry utilizing a CVO rheometer (Malvern Ltd), equipped with parallel plates fixtures of 25 mm diameter. Rheological measurements were carried out at different isothermal temperatures, ranging from 90 to 120°C, maintaining the elastomers concentration at 5 phr. Prior to measurements, the rheometer was pre-heated and the gap was zeroed.
FT-IR characterization FTIR spectroscopy was used to characterize the reagents and cured samples. Infrared spectra were obtained with the FTIR Nicolet iS10 of Thermo Scientific (USA). For each spectrum, sixteen scans between 4,000 and 400 cm -1 were averaged with a resolution of 4 cm -1 .
Phase-morphology studies
Scanning electron microscopy (SEM) was performed using a CARL ZEISS DSM940A model SEM with electron voltage of 15 kV. The samples were fractured under liquid nitrogen and the dispersed elastomer phase was extracted in the soxleth using refluxed acetone for 10 h at atmospheric pressure. A thin section of the dried samples were sputter-coated with a thin layer of gold prior to SEM examination. Image analyses of the micrographs were carried out using the commercial software ImageJ TM [25] .
Contact angle measurements
Contact angle measurements of the epoxies were conducted with an in-house instrument which consists of an optical microscope Stereomaster II, Fisher Scientific Model SPT-ITH equipped with a Motic1000 digital camera [26] . The volume of the drop was maintained at 1 lL in all cases using a microsyringe. For accuracy, measurements were repeated five times on different regions of the same sample.
Microhardness measurements
Micro-indentation measurements were carried out at room temperature (19°C) using a Vickers diamond attached to a Leica tester. A load, P, of 0.25 N was applied for 6 s. The diagonal of the residual impression left behind upon load release, d, was measured using an optical microscope. Microhardness, H, was calculated according to [27] :
Results and discussion
It is noteworthy that both the epoxy resin DGEBA and the PDMS-DGE elastomer contain oxirane rings as functional end groups (see Fig. 1 ). Hence, it is expected that during the curing process, the curing agent DCH reacts with both the DGEBA epoxy system and the PDMS-DGE elastomer. Polycondensation involves the opening of the oxirane rings in the structures. The unreacted oxirane rings would react with other diamine molecules to form a molecular network. It is suggested that the elastomer is chemically bonded to the resin network, presumably forcing the elastomer to remain inside the polymeric matrix. The mechanism of reaction suggested is shown schematically in Fig. 2 . On the other hand, the second siloxane reactant utilized, PDMS-co-DPS-OH, presents aromatic groups on the chemical structure (see Fig. 1 ), as DGEBA does, and hence some compatibility between the elastomer and the epoxy resin is presumed. The enthalpic interaction would promote the dissolution of the elastomer in the epoxy matrix, at least partially; the elastomer being occluded within the molecular network. In this system, the elastomer is not expected to be chemically bonded to the crosslinked network; however, the presence of the hydroxyl end groups in the elastomer may catalyze the curing reaction. The aim was to keep the elastomer well dispersed within the epoxy matrix avoiding migration towards the surface. The expectation was to obtain a composite with microdomains of limited size.
The chemical structure of the epoxy-rubber composites was investigated using FTIR spectroscopy. Figure 3 shows the spectrum for every system studied. Figure 3a shows that at 2,961 cm -1 the intensity of the band in the epoxy-rubber composites is increased (relative to the neat epoxy resin), which can be attributed to the CH 2 groups of the elastomers. On the other hand, Fig. 3b shows that the DGEBA-(PDMS-co-DPS-OH) and the DGEBA-(PDMS-DGE) composites exhibit peaks at about 1,258, 1,019, 799 cm -1 that are not present in the neat epoxy resin. These vibrations are assigned to the Si-O bond in the elastomers.
Gel point determination
The gel point was determined for all the materials investigated during their curing processes at temperatures in the range 90-110°C using the method of the crossing point of G 0 and G 00 in small-amplitude oscillatory shear experiments. Figure 4 shows the plots of dynamic shear moduli as a function of time during the curing reaction at 95°C for (a) DGEBA-(PDMS-DGE) and (b) DGEBA-(PDMS-co-DPS- OH). Figure 4a shows that during the first 200 s the rheological behavior of DGEBA-(PDMS-DGE) is liquid-like. After this dormant period the elastic modulus G 0 starts to increase rapidly, at a higher rate than the viscous modulus G 00 , increasing over four orders of magnitude in less than 200 s. The G 0 and G 00 values coincide (G 0 = G 00 = 4 9 10 3 Pa) at t gel = 540 s defining the gel point. Thereafter, G 0 still increases two orders of magnitude before leveling off at about 1,050 s, thus defining the transition into the glassy state and G 0 reaching a value of 3 9 10 6 Pa. On the other hand, the shear viscous modulus G 00 still increases after the gel point although at a lower rate than G 0 and finally decreases with increasing reaction time as a consequence of solidification because the elastic behavior of the glassy state dominates the viscoelastic behavior of the epoxy [28] . The rheological response of DGEBA-(PDMS-co-DPS-OH) shown in Fig. 4b exhibits some differences with respect to that described for DGEBA-(PDMS-DGE). In the first place, the data in Fig. 4b show that the reaction occurred immediately after starting the experiment, i.e., the elastic modulus G 0 increasing rapidly over three orders of magnitude. In addition, the gel point occurs at t gel = 252 s, i.e., about half the time necessary for gelation when using the ether-terminated elastomer. Moreover, in case of the PDMS-co-DPS-OH material both shear moduli increase at about the same rate above the gel point until solidification starts at around 1,200 s, where finally G 0 tend to level off and G 0 ' starts to decrease. The results shown in Fig. 4 stresses out the distinct rheological behavior of the two epoxy modified systems under curing reaction. The slower rate of shear moduli growth observed for the diol terminated reactive, DGEBA-(PDMS-co-DPS-OH) after the gel point suggests that the curing reaction is diffusion controlled. Although the gel point was reached in about half the time than the ether-terminated elastomer DGEBA-(PDMS-DGE) the moduli of DGEBA-(PDMS-co-DPS-OH) at the gel point was 10 times smaller (3 9 10 4 vs. 4 9 10 3 Pa, respectively). It is presumed that due to this lower modulus, there is still enough mobility within the threedimensional molecular network to enable the chemical reaction to continue. Figure 5a , b shows the shear dynamic moduli as a function of reaction time at 100°C for the two systems investigated. It is noteworthy that the rate of growth of the shear moduli for the system DGEBA-(PDMS-DGE) (Fig. 5a ) is now faster with respect to measurements at 95°C, and consequently the gel point is significantly reduced, occurring at t gel = 430 s, about 100 s less than when curing at 95°C (see Fig. 4a ). The modulus at the gel point is also higher, obtaining ca. 10 5 Pa. Interestingly, the elastic modulus starts to level off (and the viscous modulus starts to decrease) at ca. 550 s marking the onset towards the glassy state which is about 500 s less than that at 95°C.
On the other hand, curing the DGEBA-(PDMS-co-DPS-OH) system at 100°C (Fig. 5b ) the gel point occurred at t gel = 251 s, i.e., the same gel time obtained when at 95°C. However, the moduli values at the gel point are now substantially increased, G 0 = G 00 = 6 9 10 4 Pa, an order of magnitude greater than those at 95°C (see Fig. 3b ). Moreover, the elastic shear modulus starts to level off (and the viscous shear modulus starts to decrease) at 300 s, approaching a value at this reaction time of G 0 300 s = 3 9 10 5 Pa. This rapid increase of shear moduli is followed by a slowing down of the curing reaction reflected in the continuous and slow growth of the elastic modulus, only reaching the onset for the glassy state (G 0 = 10 6 Pa) after holding for 1,200 s. A further increase in reaction temperature to 105°C produced the shear moduli results illustrated in Fig. 6a , b. The plots in Fig. 6a show that t gel for the DGEBA-(PDMS-DGE) system has now decreased to 350 s, and the modulus at the gel point is G 0 = G 00 = 5 9 10 4 Pa. Thereafter, the elastic shear modulus increased rather slowly, reaching the onset for the glassy state (G 0 = 10 6 Pa) at about 1,000 s. On the other hand, Fig. 6b shows that for DGEBA-(PDMS-co-DPS-OH), the gel point occurred at t gel = 210 s, and the modulus at the gel point was G 0 = G 00 = 5 9 10 3 Pa. After the gel point the curing reaction continued rather slowly and reached the glassy state at about 1,100 s.
Finally, Fig. 7a, b shows the plots of the shear moduli as a function of time of isothermal holding at 110°C. Figure 7a shows that for the DGEBA-(PDMS-DGE) system the time for the gel point is further reduced, t gel = 100 s. On the other hand, the onset for the glassy state is also significantly reduced, now occurring at about 600 s. Figure 7b shows that for the DGEBA-(PDMS-co-DPS-OH) system the curing reaction is extremely fast, because at this temperature the curing reaction occurred as soon as the material was placed onto the pre-heated rheometer, i.e., there was no observation of the gel point.
The results of Figs. 4, 5, 6, 7 demonstrate the influence of the elastomers on the DGEBA system. Figure 8 shows a plot of the gel time, t gel , as a function of reaction temperature. Figure 8a includes the gel time for the neat epoxy DGEBA resin at one reaction temperature. On the other hand, Fig. 8b and c shows the gel time data for DGEBA-(PDMS-DGE) and DGEBA-(PDMS-co-DPS-OH), respectively. The results clearly show that the elastomers accelerate the curing reaction of DGEBA, and the hydroxyl-terminated elastomer, PDMS-co-DPS-OH, is more efficient to accelerate the curing reaction.
Assuming that the gel point occurred at a constant conversion, the dependence of the gel time on temperature may be interpreted using an Arrhenius expression, 
where E a is the activation energy, T the absolute temperature, and R the ideal gas constant. Figure 9a , b shows the plot of natural logarithm of the reciprocal gel time as a function of reciprocal absolute temperature for (a) DGEBA-(PDMS-DGE) and (b) system. The results show that the data obey the Arrhenius expression. Thus, the corresponding activation energies were extracted utilizing Eq. (2), and the results showed that E a = 122.6 kJ mol -1 for DGEBA-(PDMS-DGE), and E a = 54.9 kJ mol -1 for DGEBA-(PDMS-co-DPS-OH). These results indicate that the hydroxyl groups indeed caused the catalysis that accelerated the curing reaction. These activation energy values are in reasonable agreement with literature data for other epoxy systems [22, [29] [30] [31] [32] [33] .
Morphology
Cured epoxy samples were fractured under liquid nitrogen and examined using SEM to evaluate whether there was phase separation during the curing reaction between the DGEBA and the elastomers. Moreover, the fractured surfaces were washed several times in hot acetone to extract any elastomer present on the surface. As a cure reaction occurs, the molecular weight increases and an average molecular weight is reached where a homogeneous mixture is no longer favored and, consequently, the reacting rubbers may begin to separate into two phases [17] [18] [19] [20] [21] [22] [23] . Figure 10 shows a SEM micrograph for the neat epoxy resin DGEBA cured at 110°C. The micrograph shows that the fractured surface exhibits sharp edges typical of brittle mechanical behavior.
On the other hand, Fig. 11 shows micrographs of the surfaces of DGEBA-(PDMS-DGE) composite cured at (a) 90°C, (b) 100°C, and (c) 110°C, respectively. The surfaces exhibit a microvoid morphology indicative of phase separation between the epoxy resin and the ether-terminated elastomer, that is, the microvoids correspond to space previously occupied by the elastomer. It is interesting to find that the droplet size is relatively uniform at each temperature and tends to decrease at higher curing temperatures. At 90°C (Fig. 10a ) the droplet size is about 2 lm (±0.3 lm), whereas at 110°C (Fig. 10c ) the droplet size is within 1 lm. A slightly larger particle size has been reported for carboxyl-terminated butadiene-acrylonitrile rubbers [20, 21] .
Finally, Fig. 12 shows the fractured surfaces of DGEBA-(PDMS-co-DPS-OH) composite cured at (a) 90°C, (b) 100°C, and (c) 110°C, respectively. The micrographs show a phase separated morphology at 90 and 100°C (Fig. 12a, b , respectively), with droplet sizes ranging from 1 to 3 lm. However, the sample cured at 110°C (Fig. 12c) does not show microvoid morphology, i.e., there is no evidence of microphase separation. It is suggested that there was not microphase separation in this case due to the faster cure reaction afforded by PDMS-co-DPS-OH. The rheological results showed that at 110°C the hydroxyl-terminated elastomer did react at the moment the sample was loaded in the rheometer and a gel point could not be detected (see Figs. 7b, 8b) . Moreover, it is also suggested that the hydroxyl terminated PDMS was solubilized within the DGEBA as initially hypothesized, and this also contributed to avoid microphase separation between DGEBA and the elastomer.
Surface properties
The contact angle is a thermodynamic parameter for insoluble solids that can be used to determine the interfacial tension and show the change in the hydrophilic nature of the materials. The determination of surface tension of a solid from contact angle measurements has been extensively studied [34] [35] [36] [37] . Water contact angle measurements were carried out on all the cured samples, including samples cured at 140°C in the oven, and the results and representative photographs of water drops on the samples surfaces are shown in Fig. 13 . The results show that the DGEBA epoxy cured without rubbers displays a contact angle of 78° (Fig. 13a) . When PDMS-DGE is added to the DGEBA epoxy, the contact angle diminishes, the difference being more conspicuous if the composite is cured at low temperatures (Fig. 13b) . In contrast, when PDMS-co-DPS-OH is added to the DGEBA epoxy the water contact angle at low curing temperatures (Fig. 13c) is greater than that of the neat DGEBA. It is believed that the greater contact angle (more hydrophobic behavior) can be attributed to the hydrophobic nature of the PDMS-co-DPS-OH structure, which contains aromatic rings that possess this property. Despite having OH groups, its behavior is of low polarity because the electronic resonance of the aromatic rings reduces the dipole moment of the terminal OH groups. Figure 13c shows that increasing the curing temperature produces a decrease of the contact angle, i.e., the surface shows a tendency to become more hydrophilic. Furthermore, at high curing temperatures the water contact angle was the same as that for neat DGEBA. This result suggests that the PDMS-co-DPS-OH elastomer was indeed solubilized within the epoxy matrix, in agreement with the SEM results shown in Fig. 12 .
Microhardness
Finally, the mechanical behavior of the epoxy-rubber composites was investigated via micro-indentation measurements. Figure 14 shows a plot of hardness as a function of curing temperature for (a) the neat epoxy resin, and the composites (b) DGEBA-(PDMS-co-DPS-OH), and (c) DGEBA-(PDMS-DGE). First, the results show that there is indeed a reduction in hardness due to the inclusion of elastomers in the epoxy resin. Samples cured at 140°C exhibited about 12 and 18 % reduction in hardness for the hydroxyl-terminated and ether-terminated rubber-epoxy composites, respectively, relative to the neat epoxy resin. Second, the hardness of the DGEBA-(PDMS-co-DPS-OH) composite is a growing function of the curing temperature. These results suggest that the hardness of the hydroxyl-terminated elastomer-epoxy composite increases due to the gradual decrease of droplet size at higher temperatures, until eventually there appears no microphase separation (see Fig. 12 ). Indeed, the dispersion of elastomer droplets in the epoxy matrix introduces interfaces (or interphases) that hamper the transfer of load across the sample. Hence, morphologies with important matrix-particle interfaces are expected to be detrimental to the mechanical properties with respect to those with no significant phase separation. In the same direction, the lower hardness value for the DGEBA-(PDMS-DGE) composite may be due to the phase-separated morphology that the composite exhibits at all curing temperatures (see Fig. 11 ).
Conclusions
The curing reaction of the DGEBA resin and the 1,2-DCH hardener with 5 phr concentration of two different liquid elastomers (one elastomer is ether terminated, PDMS-DGE; the other one is dihydroxy terminated with diphenyl rings in the main backbone, PDMS-co-DPS-OH) is investigated at different temperatures by means of shear rheometry. The morphology of the resultant composites is explored using SEM and correlated to the hydrophilic properties and the mechanical behavior by indentation testing.
Results show that the gel point decreases as the curing temperature is increased. It is clearly shown that the elastomers accelerate the curing reaction of DGEBA leading to significantly shorter gel times. This is especially marked in the case of the hydroxyl-terminated elastomer where the gel point at the highest curing temperature (110°C) was not detected presumably due to the rapid curing kinetics.
Electron microscopy studies on the fractured surfaces of the composite samples revealed microvoid morphology for all the composites investigated except for that incorporating the hydroxyl-terminated elastomer and further cured at the highest temperature (110°C). The microvoid morphology is indicative of a two-phase composite where the elastomer droplets have been pulled out from the epoxy matrix. It is found that the droplet size is relatively uniform in all cases, in the range 1-3 lm, and exhibits a tendency to decrease with increasing curing temperature. Most interesting is the morphology of the DGEBA-(PDMS-co-DPS-OH) material cured at 110°C where there is no evidence of phase separation possibly due to the rapid curing kinetics. It is suggested that the diphenyl and hydroxy groups promoted elastomer miscibility with the thermoset resin and microphase separation is only observed at long reaction times.
Water contact angle measurements revealed that hydrophobicity of the epoxy matrix diminishes with the incorporation of PDMS-DGE. In contrast, the PDMS-co-DPS-OH elastomer enhances hydrophobicity as a consequence of the presence of aromatic rings in the backbone structure. The surface of the DGEBA-(PDMS-co-DPS-OH) composites induces higher water contact angles than the neat epoxy only for low curing temperatures; at high temperatures, the contact angle values approach those of the neat epoxy suggesting that PDMS-co-DPS-OH elastomer was indeed solubilized within the epoxy matrix, in agreement with the morphological results.
Indentation measurements revealed that inclusion of either elastomer reduces the microhardness values of the epoxy resin. In addition, it is found that the microhardness of the DGEBA-(PDMS-co-DPS-OH) composite increases as the curing temperature is raised. This result is correlated with the morphological studies obtained by SEM and shows that phase separation drives the microhardness behavior.
